because of research literature supporting the utility of the test in this setting [3] [4] [5] [6] . For example, Marek et al. [5] found that scores from the test predicted appointment adherence and weight loss outcomes 1 year postsurgery. Nevertheless, psychologists conducting these evaluations tend to administer shorter, more symptom-focused measures rather than broadband instruments with longer administration times [7] . Although the reasons for this trend among psychologists conducting presurgical evaluations have not been directly studied, research with child psychologists indicates that concerns about the practicality of assessment instruments (e.g., particularly patient burden as well as administration, scoring, and interpretation time) are negatively associated with psychological test usage [8] . However, recent efforts to decrease MMPI-2-RF administration time could increase use of broadband personality testing in presurgical evaluations.
Tarescavage and Ben-Porath [9] have proposed and evaluated the feasibility of a flexible and conditional administration (FCA) of the MMPI-2-RF intended to decrease administration time. In an FCA framework, high scores on scales measuring broad areas of psychopathology are used to trigger administration of lower-level scales measuring more specific symptoms of psychological problems in that domain. For example, a high score on a measure of disordered thinking can trigger administration of measures of hallucinations and delusions. In the context of the MMPI-2-RF, scores above a predetermined cutoff on the higher-order scale Thought Dysfunction (THD) would trigger administration of the lower-level scales in the thought dysfunction domain (i.e., Ideas of Persecution [RC6], Aberrant Experiences [RC8], and Psychoticism [PSYC-r]). The method is flexible in that clinicians can choose which broad domains are conditionally assessed (e.g., thought, mood, behavior, and somatic/cognitive problems). It also incorporates the over-and underreporting validity scales of the MMPI-2-RF.
Tarescavage and Ben-Porath [9] derived rules for and evaluated the FCA approach using a real-data simulation in the MMPI-2-RF Normative Sample and the Community Mental Health Center comparison group. They found that the FCA method resulted in minimal information loss in both settings. Potential time savings were much more pronounced in the normative sample, in which estimated administration times were 4 to 20 minutes depending on the number of domains assessed. The authors concluded that an FCA of the MMPI-2-RF held promise in settings with time constraints and relatively low base rates of psychopathology (compared to mental health treatment settings), such as bariatric surgery patients. For these reasons, the purpose of this study is to describe, derive rules for, and evaluate an FCA of the MMPI-2-RF by using existing data to simulate FCA administrations with over 4000 bariatric surgery candidates.
Method

Participants
The authors used samples of 3341 and 758 patients who received presurgical psychological evaluations at a large hospital in Cleveland, Ohio, and a private practice in St. Paul, Minnesota, respectively. De-identified and aggregated use of this existing archival clinical information was approved by the Kent State University Institutional Review Board before manuscript submission.
The hospital sample included 911 males and 2430 females. The majority of patients identified as white (68.3%), with 23.3% identifying as black and 3.2% identifying as Hispanic/Latino. The most common marital statuses were married (53.1%), never married (24.5%), and divorced (16.3%). The average years of education was 14.0 (standard deviation [SD] = 2.9). Intake BMI was available for 1411 patients. The average BMI was 49.3 kg/m 2 (SD = 11.0). Age was available for 1452 participants, with the average being 46.2 years (SD = 11.6). A total of 132 (4%) patients produced invalid MMPI-2-RF protocols according to standard interpretive guidelines outlined by BenPorath and Tellegen [1] .
The private practice sample included 105 males, 640 females, and 13 individuals who did not report gender. The majority of patients identified as white (86.9%), with 9.2% identifying as black. The most common marital statuses were married (49.7%), never married (29.7%), and divorced (20.6%). In terms of educational levels, the majority of the sample reported some college (53.1%), with 20.1% reporting being a high school graduate, 16.5% reporting having a bachelor's degree, and 8.4% reporting at least some postgraduate education. Intake BMI was available for 209 patients. The average BMI was 48.8 kg/m 2 (SD = 8.4). Age was available for 325 participants, with the average being 38.7 years (SD = 10.4). A total of 13 (2%) patients produced invalid MMPI-2-RF protocols according to standard interpretive guidelines.
Although specific information on the surgical approval rates from psychological evaluations was not available for the study samples, a study using a subsample from this study's hospital sample found that only 2.6% of candidates were deemed unlikely to meet the psychological requirements for surgery [10] .
Measure
The MMPI-2-RF is a 338 item true-false measure of response style (e.g., overreporting and underreporting) and 5 broad substantive domains of psychopathology (emotional, thought, behavior, somatic/cognitive, and interpersonal). Four of the 5 domains of substantive scales are organized hierarchically, whereas the interpersonal functioning domain does not have a hierarchical structure. The measures at the broadest level of the hierarchy for the 4 other domains are the higher-order scales Emotional Internalizing Dysfunction (EID), THD, Behavioral/Externalizing Dysfunction (BXD), and the Restructured Clinical Scale Somatic Complaints (RC1). Interpretive cutoffs for the measures of overreporting response style (overreporting validity scales) generally range from 80T to 120T. The cutoff for a clinically significant elevation is 65T on the substantive scales of the test, which measure the just mentioned 5 domains of psychopathology. Psychometric information is provided in the test's technical manual [11] and reviewed by Ben-Porath [12] .
Procedure
FCA Protocol
A detailed description of the FCA framework is provided by Tarescavage and Ben-Porath [9] . Briefly, in an FCA with the MMPI-2-RF, the clinician selects 1 to 4 substantive domains to administer (emotion, thought, behavior, and somatic/cognitive). The EID, THD, BXD, and RC1 scales are administered, depending on the selected domains. If a test-taker scores above a predetermined cutoff on a broad domain, this triggers administration of lowerlevel scales from that domain. The overreporting validity scales can also be administered in an FCA of the MMPI-2-RF. The MMPI-2-RF underreporting scales (L-r and K-r) are always administered.
Cutoffs for triggering administration of lower-level scales (i.e., administration rules) are optimized by setting. For bariatric surgery candidates, the authors identified administration cutoff rules in a subsample of 1941 bariatric surgery patients from a large, Midwestern hospital using a real-data simulation design with MMPI-2-RF items. In this approach, existing data are used to simulate FCA administrations. Administration rules are derived by observing and optimizing clinical elevation catch rates among lower-level substantive scales and the overreporting validity indicators. The catch rate is the rate at which a clinically elevated scale would have been conditionally administered (and thus found to be elevated) according to the FCA administration rules. For example, if 100 test-takers in a sample have clinically elevated scores on RC6, and 90% of these cases are administered RC6 by the administration rule derived for THD, then the RC6 catch rate would be 90%.
The authors reduced the triggering scale administration rules from 65T to 60T and to 55T until the lower-level scale catch rates were at least 80% in the derivation sample. If a cutoff of 55T for a triggering scale did not result in an adequate elevation catch rate, the authors decreased the administration condition by smaller increments than 5T because these scores are in the normative range where small decreases in cutoff rules could substantially increase the number of individuals administered a lower-order scale. Supplementary Table 1 has the resulting cutoff rules and sample descriptive statistics.
Statistical analyses
The authors conducted an evaluation of the FCA rules in the private practice sample (n = 758) and the subsample of 1311 bariatric surgery patients from the large hospital who were not used to develop administration rules (i.e., these were cross-validation samples). For each scale, the authors calculated clinical elevation catch rates (described earlier in this section) as well as overall accuracy rates, which indicate the overall percentage of FCA administrations that would yield the same interpretive information as a standard administration.
The meaning of catch rate can be illustrated by using the hypothetical RC6 example described earlier in this section. Assume a sample size of 1000. As noted earlier, 100 people had an elevated RC6 score. This means that 900 people produced unelevated scores on RC6. Of the 100 people who had an elevated RC6 score, the items from that scale were conditionally administered to 90 test-takers (i.e., catch rate = 90%). The overall accuracy rate for RC6 equals the number of unelevated RC6 scores + number of caught RC6 elevated scores / overall sample size: (900 + 90) / 1000 = 99%. In other words, for 99% of cases, an FCA of the MMPI-2-RF thought dysfunction domain would yield the same interpretive information as a standard administration in terms of identification of high-score elevations.
The authors calculated catch rates and overall accuracy rates for the substantive scales at elevations of 65T, 70T, and 80T and for the validity scales (which require higher cutoffs) at 80T, 100T, and 120T. The authors also estimated the median administration time savings of the FCA in the evaluation samples by examining the difference between the median number of FCA-administered items relative to a full MMPI-2-RF administration, which has a 25 to 35 minute computer administration time [1] .
Results
Elevation catch rates and overall accuracy rates
The authors first examined elevation catch rates and overall accuracy rates among the overreporting validity scales (see Supplementary Table 1 for administration rules  and Table 1 for results). In the hospital evaluation sample, the median catch rate for elevations at 80T was 91.7%. In the case of Fp-r (catch rate = 91.7%), this means that the scale was administered in 91.7% of cases where an elevation of 80T would have occurred. The median 80T overall accuracy rate in the hospital evaluation sample was 99.7%. For example, FBS-r had an overall accuracy rate of 99.7%. This indicates that the FCA approach yielded the same FBS-r interpretive information as a full administration in 99.7% of cases (in terms of identifying elevations at 80T or higher). At cutoffs of 100T and 120T, the median catch rates were both 100% in the hospital sample and private Catch rate = percent of elevated cases that were conditionally administered the scale; OVR ACC = overall accuracy rate: percent of all cases that were [a] conditionally administered the scale when an elevation occurred [Catch Rate] or [b] did not produce an elevation on the scale, regardless of whether the scale was conditionally administered or not; F-r = infrequent responses; F P -r = infrequent psychopathology responses; F S = infrequent somatic responses; FBS-r = symptom validity; L-r = uncommon virtues; K-r = adjustment validity; n/a = score not possible; MH = mental health; EID = emotional/internalizing dysfunction; THD = thought dysfunction; BXD = behavioral/externalizing dysfunction; RCd = demoralization; RC1 = somatic complaints; RC2 = low positive emotions; RC4 = antisocial behavior; RC6 = ideas of persecution; RC7 = dysfunctional negative emotions; RC8 = aberrant experiences; RC9 = hypomanic activation; MLS = malaise; GIC gastrointestinal complaints; HPC = head pain complaints; NUC = neurologic complaints; COG = cognitive complaints; SUI = suicidal/death ideation; HLP = helplessness/hopelessness; SFD = self-doubt; NFC = inefficacy; STW = stress/worry; AXY = anxiety; ANP = anger proneness; BRF = behavior-restricting fears; MSF = multiple specific fears; JCP = juvenile conduct problems; SUB = substance abuse; AGG = aggression; ACT = activation; AGGR-r = aggressiveness-revised; PSYC-r = psychoticism-revised; DISC-r = disconstraintrevised; NEGE-r = negative emotionality/neuroticism-revised; INTR-r = introversion/low positive emotionality-revised.
Administration rules developed in hospital development sample (n = 1941) For validity scale analyses, individuals excluded if CNS > 18, VRIN-r ≥ 80T, or TRIN-r ≥ 80T. Admin. = administration; VAL = validity scales; EID = emotional dysfunction domain; THD = thought dysfunction domain; BXD = behavioral/externalizing dysfunction domain; SOM/COG = somatic/cognitive complaints domain).
Projected administration times based on estimate of a 25 to 35 min computer administration for the full 338 items, as described in the MMPI-2-RF administration, scoring, and interpretation manual [1] .
practice sample. In the private practice sample, the median catch rate was 89.4% and median overall accuracy rate was 97.9% for identifying validity scale elevations of 80T.
In Table 1 the authors present catch rates and overall accuracy miss rates for substantive scales with a conditional administration. In the hospital evaluation sample, the median catch rate for elevations at 65T was 83.2% and the median overall accuracy rate was 98.9%. At a cutoff of 70T, the median catch rate was 91.3% and the overall accuracy rate was 99.6%. At a cutoff of 80T, both the median catch rate and overall accuracy rate were 100% in the hospital sample and private practice sample. In the private practice sample, the median catch rate for elevations at 65T was 86.7% and the median overall accuracy rate was 98.9%. At a cutoff of 70T, the median catch rate was 93.9% and the overall accuracy rate was 99.7%.
Overall, these findings indicate that an FCA of the MMPI-2-RF would closely approximate the information typically gained from a full administration of the scales included in the FCA procedure in 2 samples of bariatric surgery candidates. Next, analyses are presented comparing estimated administration time for an FCA and standard administration of the MMPI-2-RF in these 2 samples.
Item and time savings
In Table 2 , the authors present the median item savings and estimated time savings of the standard computer administration of the MMPI-2-RF versus 7 possible FCAs in the study samples. To orient the reader to the statistics, the authors describe next the item and time savings for an FCA of the validity scales EID, THD, BXD, and Somatic/Cognitive Complaints Domain domains of the test in the hospital evaluation sample (i.e., the third row of Table 2 ). The median of 187 indicates that in a typical administration a total of 187 items were administered. This represents an absolute item decrease of 45% compared with the standard 338 item administration. By extension, a 45% decrease of the typical 338 item administration time (25 to 35 min [1] ) yields a projected computer administration time of 14 to 20 minutes. Of note, because the distributions of items administered were positively skewed, the median is a better estimate of typical time savings (i.e., of the center of the distribution).
Overall, estimated savings were high in both samples, particularly when fewer substantive domains were administered. For example, if only the validity scales and the EID domain were selected for administration, the median number of items administered was 69 in both samples. This represented an 80% decrease in the number of administered items relative to a standard administration. Overall, the projected administration time in this case would be 5 to 7 minutes.
Discussion
The purpose of the present study was to explore flexible conditional administration of the MMPI-2-RF with 2 large samples of bariatric surgery candidates. The authors found that the rules developed in a subsample of candidates evaluated at a large hospital cross-validated well to a different subsample from the same large hospital and a sample from a private practice. Estimated time savings were high, as an FCA of the MMPI-2-RF had 44% to 88% decreases in test administration time depending on the number of conditionally administered scales. Whereas a paper-and-pencil administration of the MMPI-2-RF takes 35 to 50 minutes, the projected FCA administration times ranged from 4 to 20 minutes.
One possible application of an FCA of the MMPI-2-RF in bariatric surgery candidates is to screen all bariatric surgery candidates, who present with a wide-array of psychological problems [13, 14] . For example, Mitchell et al. [15] examined a sample of 199 bariatric surgery candidates and found that 33.7% had a psychiatric disorder and 11.6% had an affective disorder. Patients met diagnostic criteria for a wide variety of psychological problems, including major depressive disorder, dysthymia, social phobia, specific phobia, posttraumatic stress disorder, substance use disorders, and eating disorders. In an earlier study, Kalarchian et al. [14] examined a similarly sized sample and found that patients also met criteria for bipolar disorder, panic disorder, agoraphobia, obsessive-compulsive disorder, and personality disorders from all clusters. A full FCA of the MMPI-2-RF could provide information about psychological constructs related to all of these disorders in an estimated administration time of 14 to 20 minutes (e.g., by way of scales such as low positive emotions, dysfunctional negative emotions, hypomanic activation). These time savings will not only decrease patient burden but may also increase clinician productivity. For example, an FCA approach may enable administering testing on the same day as the clinical interview, thus facilitating the overall intake process. However, some clinicians already using the test may not find much benefit from an approximate 15-minute time-savings, particularly given that some elevations may not be caught. Nevertheless, for those clinicians not using the test because of time constraints, 100% of elevations on the MMPI-2-RF are necessarily missed at this juncture.
Another possible application of an FCA with bariatric surgery candidates is for more focused diagnostic assessment. As noted, the most common diagnoses among bariatric surgery candidates are mood and anxiety disorders. One commonly used option to assess these disorders is to administer 2 short, symptom-focused measures of depression and anxiety, which might take 5 to 10 minutes to administer. However, the results of this study suggest that an FCA of the MMPI-2-RF emotional dysfunction domain items (along with the MMPI-2-RF underreporting indicators) would take approximately 5 to 7 minutes. In contrast to the typical approach, a total of 19 areas of emotional dysfunction and response style assessment (which is not measured by symptom-focused measures) would be covered by this FCA administration. Of note, assessing response styles among bariatric surgery candidates is especially important because they commonly underreport psychological problems [16] . Of note, a limitation of the FCA protocol is that meaningful but subthreshold (i.e., < 65T) scores may not be available because of underreporting. Nevertheless, broad upper-level scales such as EID, BXD, THD, and RC1 are always administered in full.
Regardless of how they are obtained, MMPI-2-RF scores can be used for diagnosis and treatment planning. Of note, the authors are not suggesting that this information be relied upon exclusively to deny individuals surgery. Rather, MMPI-2-RF findings can point to areas of vulnerability that could affect outcomes and be addressed pre-and postoperatively with evidence-based interventions.
The major limitation of this study is the results reflect the performance of an FCA in a real-data simulation with existing MMPI-2-RF scores. Future research using actual administration conditions is needed as a next step toward possible implementation. It is possible that bariatric surgery patients have longer administration times than the 25 to 35 minutes projected by the MMPI-2-RF manual for the typical test-taker, which would increase administration time estimates for the FCA approach (but increase the absolute time savings relative to a standard administration). Future research is also needed to determine if a shorter administration method, such as an FCA, improves the likelihood that test-takers of lower literacy levels provide valid information on the test. It is also important to explore extra test indicators of psychopathology among individuals whose elevations would not have been caught by the FCA approach. Finally, future research could compare the FCA method to other abbreviated administration techniques such as item response theory (IRT). IRT can facilitate adaptive testing that provides an estimate of a latent trait measured by a scale. However, there are practical limitations of an IRT-based adaptive administration approach (e.g., practitioners' willingness to rely on latent trait estimates to make clinical decisions), and efforts to apply this technique to broadband personality inventories such as the MMPI have yet to produce viable measures.
Conclusions
Notwithstanding these limitations, this study is the first evaluation of an FCA of MMPI-2-RF in sample bariatric surgery candidates. The findings indicate that time savings of 44% to 88% are possible with minimal loss of information when using an FCA strategy. These time savings may increase the applicability of the MMPI-2-RF to presurgical evaluations of bariatric surgery patients, where research literature indicates the test can help identify psychological impediments to successful surgical outcomes.
